The Air Medical Prehospital Triage (AMPT) score was developed to identify injured patients who may benefit from scene helicopter emergency medical services (HEMS) transport. External validation using a different data set is essential to ensure reliable performance. The study objective was to validate the effectiveness of the AMPT score to identify patients with a survival benefit from HEMS using the Pennsylvania Trauma Outcomes Study registry.
S
urvival of severely injured patients is dependent on timely access to critical interventions and rapid transport to definitive care. Helicopter emergency medical services (HEMS) offers this, as air medical crews provide advanced prehospital care while rapidly delivering patients to a trauma center. These factors have been cited as reasons for the survival benefit seen for HEMS in several studies when compared to ground emergency medical services (GEMS). [1] [2] [3] [4] [5] However, identifying patients that will benefit from HEMS transport at the scene of injury is challenging, given limited information and resources available in the field. Furthermore, the high cost and aviation risks make patient selection for HEMS transport a critical issue. Despite this, few studies evaluate this problem, leading to significant variation in HEMS triage. 6, 7 Many systems extrapolate existing trauma triage criteria for air medical triage. This leads to increasing costs and over-triage while limiting the potential benefits of HEMS transport, as these criteria were developed to determine whether a patient needs to go to a trauma center, not whether they need to fly to a trauma center.
Recently, we developed the Air Medical Prehospital Triage (AMPT) score to identify patients most likely to benefit from scene HEMS transport. 8 It incorporates seven simple criteria adapted from existing triage guidelines to generate a point total for an individual patient and provides a triage recommendation for HEMS or GEMS transport based on patient-level factors. The AMPT score represents the first attempt at developing standardized HEMS triage criteria based on improved outcome for HEMS transport.
The score was developed using the National Trauma Databank (NTDB); however, this data set has several limitations. Furthermore, external validation using a different data set and population is essential to ensure reliable performance and generalizability of the AMPT score. 9 The Pennsylvania Trauma Outcomes Study (PTOS) offers the ability to critically evaluate the AMPT score with a different case mix, time period, and more granular data set. The objective of this study was to validate the effectiveness of the AMPT score to identify patients with a survival benefit from HEMS compared to GEMS transport using the PTOS registry. We hypothesize that the AMPT score will discriminate between patients that have a survival benefit when transported by HEMS and patients who do not derive a survival benefit from HEMS transport.
METHODS

Study Population
Patients 16 years or older transported by either HEMS or GEMS from the scene of injury in the PTOS registry between January 1, 2000 and June 30, 2013, were eligible for inclusion. The PTOS data set represents a statewide trauma registry collecting detailed clinical data at the patient-level from 36 trauma centers over the study period. Data submission to this registry is mandatory for accreditation as a trauma center in the state of Pennsylvania. Patients were excluded if transferred from another hospital or burn was the primary mechanism of injury. Demographics, comorbidities, prehospital care, injury characteristics, vital signs, International Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes, procedures, complications, and outcomes were collected for each patient. The PTOS data set was selected, as it has differences in data structure, increased granularity, as well as a different time period from the original development and validation of the AMPT score data set. This allows evaluation of AMPT score in a different population and access to different variables that may influence performance.
Missing Data
To address missing data, multiple imputation was performed for analysis variables missing between 1% and 35% of observations. Imputed variables included age, sex, race, insurance status, injury severity score (ISS), prehospital systolic blood pressure (SBP), prehospital respiratory rate, prehospital Glasgow Coma Scale, and prehospital heart rate. Multiple imputation using chained equations with a fully conditional specification model was performed using five imputation steps to develop five imputed data sets. Outcome models were performed using estimation techniques that combine model coefficients and standard errors from each imputed data set while adjusting for the variability between imputed datasets. 10 Missing data for imputed variables ranged from 4% (race) to 34% (prehospital SBP). Sensitivity analyses with complete cases not missing any of the imputed variables were performed to assess the multiple imputation procedures. Patients with missing data compared to complete cases were similar across median ISS (10 [5, 17] were missing at random. No significant differences in study results were seen between imputed and complete case data.
Air Medical Prehospital Triage (AMPT) Score
Our group previously developed and internally validated the AMPT score using a large national data set. 8 The AMPT score criteria are shown in Table 1 . The score was applied to the current study population. Presence of physiologic criteria in the score were determined using prehospital vital signs. Presence of anatomic criteria in the score were determined using ICD-9 diagnosis codes and Abbreviated Injury Scale (AIS) body regions and scores. Air medical prehospital triage point totals were calculated for each patient. Based on the point totals, each patient was triaged to either HEMS (≥2 points) or GEMS (<2 points) transport by the AMPT score. This triage assignment was made based solely on the AMPT score and independent of the actual transport mode of the patient.
Statistical Analysis
The primary outcome was in-hospital survival. A multilevel random coefficient generalized linear regression model with Poisson family, and log link was constructed to determine the independent association of HEMS compared to GEMS transport with survival. The model was adjusted for age, sex, race, insurance status, comorbidities, mechanism of injury, prehospital vital signs, ISS, units of blood transfusion in the emergency department, prehospital time, the level of prehospital care provided (advanced life support [ALS] vs basic life support [BLS]), prehospital intubation, volume of prehospital crystalloid, surgical intervention for hemorrhage or craniotomy within 24 hours of admission, and complications. The model included a random effect for centers to account for clustering at the hospital level and allowed for the possibility that the effect of transport mode on survival may differ between centers. Robust variance estimators were used. Model goodness-of-fit was assessed using the Pearson χ 2 goodness-of-fit test. Patients were divided according to AMPT score triage assignment. Within each of these AMPT score triage assignments (HEMS or GEMS), there were some patients who actually underwent HEMS transport and some who actually underwent GEMS transport. Thus, the aforementioned multilevel model was applied to each AMPT score triage assignment group to evaluate whether the actual transport mode the patient arrived at the trauma center by was associated with survival. Additionally, the model was applied to patients on either side of the score cutoff (1 and 2 AMPT points) to evaluate whether the cutoff of 2 points remains optimal. Successful validation performance of the AMPT score was defined as no survival benefit associated with actual HEMS transport among patients assigned to GEMS transport by the AMPT score, with a survival benefit associated with actual HEMS transport in patients assigned to HEMS transport by the AMPT score. To evaluate the 2-point cutoff for triage assignments, we evaluated patients with only 2 AMPT points as well as those with only 1 AMPT point to ensure consistent HEMS survival benefits were seen for patients with only 2 points but no HEMS benefit for patients with only 1 point.
Our condition of no survival benefit for HEMS in patients assigned to GEMS by the AMPT score could include a finding of no association between survival and transport mode. To ensure this is not due to type II error, we evaluated the treatment effect size detectable with our sample size of patients assigned to GEMS by the AMPT score. The current study sample has 90% power to detect a difference between groups with a relative risk of 1.0036 or 0.36% difference in survival. Thus, this study has the power to detect a clinically significant difference in survival between groups. Furthermore, a noninferiority analysis was performed for patients assigned to GEMS by the AMPT score (text, Supplemental Digital Content 1, http:// links.lww.com/TA/A853).
Continuous data are presented as median (interquartile range [IQR] ). Continuous variables were compared using Wilcoxon rank-sum tests, and categorical variables were compared using χ 2 tests. Adjusted relative risk (ARR) with 95% confidence intervals (95% CI) were obtained from regression models. A two-sided p value ≤ 0.05 was considered significant. Data analysis was conducted using Stata version 13MP (StataCorp; College Station, TX).
Subgroup Analyses
To further explore the validity of the AMPT score, several subgroup analyses were performed. One limitation of the data set used for AMPT score development is the inability to determine the level of care of prehospital providers. 8 Bias may result when comparing survival between patients transported by ground BLS providers and ALS air medical providers, as ALS providers may perform advance procedures such as invasive airway placement and intravenous resuscitation that can influence survival. Thus, we repeated the aforementioned analysis restricted to patients only treated by ALS prehospital providers. In Pennsylvania, HEMS provides critical care transport services, offering additional capabilities beyond GEMS ALS providers. Thus, this subgroup analysis compares the highest levels of care for GEMS and HEMS.
Furthermore, some patients are injured so close to a trauma center that HEMS transport is impractical. A survival bias may be introduced by including these patients in the GEMS transport group, as some may be severely injured but survive a relatively short transport to a trauma center, whereas they would not have survived if transported from farther away by HEMS.
Thus, to capture patients with the potential to undergo HEMS transport and avoid this survival bias, a second subgroup analysis was performed restricted to patients with a transport time longer than 10 minutes, which represents the 25th percentile of transport time in the study population. The final subgroup analysis was performed in patients treated by ALS prehospital providers and had a transport time longer than 10 minutes.
Sensitivity Analysis
A sensitivity analysis was also performed, excluding patients in prehospital cardiac arrest with cardiopulmonary resuscitation, as these patients are generally not eligible for HEMS transport and would be taken to the nearest hospital by GEMS. These patients have very low survival, and inclusion may bias results against GEMS transport. This analysis was performed in all subgroups.
RESULTS
Study Population
A total of 222,827 patients were included with 44,351 (19.9%) undergoing HEMS transport (Fig. 1) . Patients transported by HEMS were younger, less likely to have penetrating injury, had higher injury severity, were more likely to require prehospital procedures or in-hospital surgical intervention (Table 2) . Unadjusted survival was lower in the HEMS transport group.
Overall, 24,328 (10.9%) of patients were triaged to HEMS transport by the AMPT score (Table 3) . Among patients triaged to HEMS transport by the AMPT score, 38.2% actually underwent HEMS transport, while 17.7% of patients triaged to GEMS transport by the AMPT score actually underwent HEMS transport (p < 0.001). The five most common AMPT score criteria combinations with 2 points or greater accounted for 50% of patients triaged to HEMS (Table, Supplemental Digital Content 2, http:// links.lww.com/TA/A854). A total of 865 patients (3.6%) were triaged to HEMS by the physiologic plus anatomic triage criterion alone. Among patients actually transported by HEMS, 18,667 (42.1%) had an AMPT score of zero.
When evaluating the overall effect of transport mode in the study population, HEMS was independently associated with a 2.4% increase in the relative probability of survival (ARR, 1.024; 95% CI, 1.013-1.035; p < 0.001). The risk-adjustment model fit the data adequately with a nonsignificant Pearson goodness-of-fit test (p > 0.999).
AMPT Score Performance
For patients triaged to GEMS transport by the AMPT score (0 or 1 point), actual transport mode was not associated with survival (ARR, 1.004; 95% CI, 0.999-1.009; p = 0.077), and noninferiority of GEMS transport was demonstrated (Fig. 2) . For patients triaged to HEMS transport by the AMPT score (≥2 points), actual transport by HEMS was independently associated with a 6.7% increase in the relative probability of survival (ARR, 1.067; 95% CI, 1.040-1.094; p < 0.001). This association between HEMS transport and increased relative probability of survival remained in patients with only 2 points from the AMPT score (ARR, 1.058; 95% CI, 1.033-1.083; p < 0.001). There was, however, no association between transport mode and survival in patients with only 1 point from the AMPT score (ARR, 1.005; 95% CI, 0.995-1.016; p = 0.331), and noninferiority was again shown for GEMS (Fig. 2) .
Subgroup Analyses
When evaluating patients treated by prehospital ALS providers only, 16.3% of patients were triaged to HEMS transport by the AMPT score overall. Among patients triaged to HEMS transport by the AMPT score, 39.2% actually underwent HEMS transport, while 21.5% of patients triaged to GEMS transport actually underwent HEMS transport (p < 0.001). In this subgroup, there was no association between actual transport mode and survival among patients triaged to GEMS transport by the AMPT score, and noninferiority was demonstrated for GEMS transport (Fig. 2) , while actual HEMS transport was associated with an increase in the relative probability of survival among patients triaged to HEMS transport by the AMPT score (Table 4) .
When evaluating patients with a transport time longer than 10 minutes, 13.8% of patients were triaged to HEMS transport by the AMPT score overall. Of patients triaged to HEMS transport, 46.2% actually underwent HEMS transport, while 21.5% of patients triaged to GEMS transport by the AMPT score actually underwent HEMS transport (p < 0.001). Again, there was no association between transport mode and survival for patients triaged to GEMS by the AMPT score, and noninferiority was shown for GEMS (Fig. 2) ; while those triaged to HEMS transport by the AMPT score did have a survival benefit when actually transported by HEMS (Table 4) .
Finally, when evaluating only patients treated by ALS providers with a transport time longer than 10 minutes, 14.9% of patients were triaged to HEMS transport overall. Among the patients triaged to HEMS transport, 47.3% actually underwent HEMS transport, while 24.1% of patients triaged to GEMS transport by the AMPT score actually underwent HEMS transport (p < 0.001). The AMPT score again performed well, as patients triaged to GEMS transport by the AMPT score did not have a survival benefit from HEMS transport (Fig. 2) , while patients triaged to HEMS by the AMPT score had a 5.8% increase in the relative probability of survival when actually transported by HEMS (Table 4) . Among all three subgroups studied, the 2-point cutoff for the AMPT score remained optimal (Table 4) .
Sensitivity Analysis
For sensitivity analysis, 2,357 patients were in prehospital cardiac arrest with cardiopulmonary resuscitation ongoing. Among this group, 5% survived to hospital discharge. Excluding these patients resulted similar treatment effect estimates in the overall study population and each subgroup when compared to the main results (Table, Supplemental Digital Content 3, http://links.lww.com/TA/A855).
DISCUSSION
The current study demonstrates that the AMPT score performs well when applied to an external data set. The AMPT score was able to discriminate between patients at the scene of injury that had a survival benefit when transported by HEMS and those that did not. The AMPT score maintained its performance when applied to patients treated only by ALS providers, patients with transport times longer than 10 minutes, and those treated by ALS providers with transport times longer than 10 minutes. A 2-point cutoff was confirmed to be the optimal threshold for triaging patient to GEMS or HEMS in this data set.
External validation of any prediction model is critical to support generalizability and clinical utility. The PTOS data set addresses primarily the temporal and methodological aspects of external validation. 11 The PTOS data set was collected over a longer time period, including earlier and later periods and thus evaluates temporal validity of the AMPT score. Methodologic validity refers to evaluation using data with different collection methods or data structure. PTOS data are much more granular, with different data structure than the NTDB. This allows use of additional important variables for risk-adjustment that may affect performance of the AMPT score. Furthermore, there is generally less missing data in the PTOS data set, increasing reliability. Data submission is mandatory for PTOS, while submission to NTDB is voluntary; and thus, sampling may be different between these data sets. Another advantage of the PTOS data set is the ability to identify the level of prehospital care. This allows mitigation of the bias that may exist if comparing care from highly trained air medical providers to BLS care in GEMS transport as may have occurred in the NTDB, where prehospital level of care is unknown.
Patients may benefit from HEMS for several reasons. First, it is widely accepted that HEMS is faster than GEMS. Prehospital care from HEMS may also benefit patients, either due to advanced capabilities or "regionalized" prehospital trauma care as HEMS providers more frequently care for severely injured patients. 2, 12 Many AMPT score criteria identify patients with significant chest trauma and high likelihood of airway problems. As there is evidence to suggest airway management in the hands of HEMS crews leads to improved outcomes, [13] [14] [15] [16] [17] this may explain some success of the AMPT score. Finally, HEMS may expand access to trauma care for patients that otherwise would be taken to a nontrauma center. 18 However, the benefit of HEMS transport in trauma patients has been widely debated. Several studies have found no increase in survival for HEMS transport, [19] [20] [21] [22] [23] while others report benefits. [3] [4] [5] [24] [25] [26] Additionally, some authors have only found a benefit of HEMS in particular subgroups of patients based on specific injuries or injury severity. 19, 21, 27, 28 Even studies that demonstrate a survival benefit suggest high over-triage among HEMS transports. 3, 26, 29 Thus, it is clear that not every HEMS patient under current utilization practices is benefiting from this resource.
This issue becomes more striking when considering the costs and risks of HEMS. Hourly operating costs for HEMS are fivefold to sevenfold higher than those of GEMS agencies when factoring in aircraft maintenance, fuel, and personnel. 30 Although prehospital providers are at higher risk of injury due to crash than the general population, HEMS accidents are more frequently fatal with a nearly sixfold higher number of fatalities per 100,000 transports. [31] [32] [33] 6 The low quality of evidence has hampered efforts to develop evidence-based guidelines for HEMS transport in trauma, 34 and the American College of Surgeons called for research to develop evidence in this area. 35 Subsequently, many systems extrapolate existing trauma triage criteria for air medical triage; however, these are fundamentally different questions. Trauma triage criteria seek to identify patients who benefit from transport to a trauma center. Air medical triage seeks to identify patients requiring a trauma center that would benefit from HEMS transport. In other words, needing to go to a trauma center is not the same as needing to fly to a trauma center. Our group initially evaluated the National Field Triage Guidelines criteria, demonstrating only a subset of five physiologic and anatomic criteria identified patients with a survival benefit from HEMS transport. 36 Based on this, we undertook development of the AMPT score with the goal of a simple score that would be feasible for field use. 8 We used the NTDB and stratified patients by presence of published trauma and air medical triage criteria in a training cohort. We then determined which criteria identify patients who have a risk-adjusted survival benefit when transported by HEMS compared to GEMS. These criteria were combined into the AMPT score and applied to a separate validation cohort to determine the optimal score cutoff to identify patients benefiting from HEMS transport. The current study confirms the AMPT score performed well in an external data set.
It is imperative to note the AMPT score cannot be used in isolation. The AMPT score does not account for logistical factors such as distance, traffic patterns, weather, and availability of transport resources, all of which play a crucial role in the decision to use HEMS transport in individual circumstances. 6, 37, 38 A significant proportion of actual HEMS transports had an AMPT score of zero; however, it is unclear how many of these may have been due to extreme distances to a trauma center, HEMS n = 9,289 GEMS n = 15,039 p HEMS n = 35,062 GEMS n = 163,437 P which can be a valid reason for HEMS transport. Additionally, the scope of care among GEMS providers, availability of GEMS transport resources, and remaining EMS coverage influence the role of HEMS among individual trauma systems. These factors cannot be evaluated using traditional outcome measures such as survival but require innovative methods of assessment and integration into air medical transport protocols. The AMPT score only represents one aspect of air medical triage considerations. It can, however, serve as a starting point for tailored approaches to air medical transport, representing the first evidence-based patient-level criteria for HEMS triage in trauma. Finally, it is worth noting based on the distribution of triage assignments and actual transport mode that the AMPT score is not simply a restrictive triage approach to reduce the number of patients transported by HEMS but an attempt to identify the set of patients most likely to benefit and make HEMS triage more effective. Implementation of the AMPT score in conjunction with logistical and individual system factors may not necessarily reduce the number of HEMS transports significantly, rather just transport patients who actually require HEMS.
This study has several limitations. First is its retrospective design. Second, as this is a registry-based study, data were not collected specifically for the current study. However, the PTOS data set contains more granular patient-level data for risk adjustment than the NTDB originally used to develop the AMPT score. As the NTDB is a national sample and our original development study was conducted for admission years 2007-2012, it is possible that some of the patients included in this study from PTOS over those years were also included in the original derivation study; however, the more granular data elements still allows methodological validation. There were missing data, particularly in prehospital variables including substantial SBP data. Multiple imputation was used to mitigate this and has been validated in trauma registry data previously. 39, 40 No substantial differences were seen in the results of sensitivity analysis using complete cases only, engendering confidence in the imputed results presented here to maintain statistical power.
As the PTOS data set collects data from only trauma centers, we cannot evaluate injured patients transported to nontrauma centers. Anatomic criteria were derived from hospital ICD-9 codes, and it is unclear whether these criteria were recognized by providers in the field. Prospective study is necessary to ensure these criteria are identified in the field reliably. There is inevitable selection bias, and it is impossible to fully evaluate all factors resulting in individual transport decisions in a data set such as this.
We accounted for prehospital times; however, although related, we did not have transport distances which play an important role in HEMS triage. 41 Prehospital times showed that the median time for HEMS was longer than GEMS, primarily due to longer response times. When looking at long transports (prehospital times >60 minutes), HEMS continues to have longer response times but does have shorter transport times (24 minutes vs 37 minutes). Again, however, these HEMS transports Figure 2 . Noninferiority evaluation of patients triaged to GEMS by AMPT score. The noninferiority margin was set at 1.5% for the difference between GEMS and HEMS risk-adjusted survival. Noninferiority is established if the lower 95% CI bound for the difference in risk-adjusted survival for GEMS versus HEMS is not lower than the noninferiority margin. 1 pt, 1 point; Tx time, transport time. are coming from much farther away, and it is difficult to directly compare transport modes based on time alone.
Other important outcomes such as health-related quality of life are not available but remain important to evaluate in severely injured patients. Furthermore, we cannot determine the underlying mechanisms that result in a survival benefit for HEMS in this data set. Finally, it should be noted that the AMPT score was developed to help guide trauma triage decisions made in the field by providers after patient contact. It was not meant to influence locally developed dispatch or launch criteria that incorporate other factors such as mechanism, distance, and terrain into the HEMS triage process.
CONCLUSION
This study is the first to externally validate the AMPT score, demonstrating the ability of this tool to correctly and reliably identify trauma patients most likely to benefit from HEMS transport. The AMPT score directly addresses the need for standardized HEMS triage criteria and can help guide future study in this area. These findings warrant prospective study of the AMPT score in further investigation of HEMS triage. The AMPT score should be considered with individual system factors when protocols for HEMS scene transport are developed and reviewed. helicopter is a lot farther than the 17 minutes in the ground ambulance.
That makes it a little hard to compare those directly but I think the time-distance interplay becomes important, especially at the individual system level.
And in terms of airway management, I think that is an excellent question. Certainly the AMPT score picks out people who probably require advanced airway management.
I do think that is a big potential reason that we see the success we have with the AMPT score because the helicopter crews do this much more often. And there are some papers that suggest that outcomes are better when you are intubated by a helicopter crew versus a ground crew.
I know when I was practicing EMS in New York State a number of years ago even though we had the ability to do RSI and on paper had the same capabilities, we did it probably less than once a year; and so I think the experience piece is a big factor that we're seeing here.
And I'll just have to agree with your last point. I would love to get some of our federal partners involved in prospectively validating this work.
We're starting to do that at the institutional level here this summer and we'd love to get this onboard because I think how this plays out across a variety of systems and how this would be integrated into different types of trauma systems would be an important piece to this.
Drs. Bulger and Stuke, in terms of the 10 minutes, we didn't have a great guide to pick from and what we actually used was the 25th percentile of transport times in the data. Admittedly, that's arbitrary, but given that, we wanted to pick something based on the data if there's nothing out there in the literature.
We hesitated at picking longer times because I think at least in this retrospective data we get a little bit into a survival bias as you start to look at the longer transport times.
If you are going to survive 30-40 minutes in the field in a retrospective registry you probably were going to live no matter how you got to the hospital and what we did to you.
But I think going forward in some of the prospective data we're interested in looking at where that cut-off time is and how that plays into the triage algorithm.
And then Dr. Dorlac, looking at the pre-hospital lifesaving interventions, again, I do think that that comes down to some of the airway management skills that we see. And it really is experience of the helicopter crews that can make the difference.
I think of them as a version of regionalized pre-hospital care in the same way that we think about the benefits of regionalized trauma centers. They see it and do it more and develop the judgment and experience, and so I think that type of benefit plays a big role in what we're seeing with the AMPT score and the outcomes from helicopter transport here.
Again, I'd like to thank the association for the privilege.
